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LV WKHUHVXOWRIP\RZQUHVHDUFKH[FHSWDVFLWHG LQ WKHUHIHUHQFHV7KH WKHVLVKDVQRWEHHQ





























































7KH SUHVHQW RI 'LVWULEXWHG *HQHUDWLRQ '* ZLWK VXLWDEOH 'LVWULEXWLRQ 1HWZRUN
5HFRQILJXUDWLRQ'15LQWKHGLVWULEXWLRQV\VWHPPD\OHDGWRVHYHUDODGYDQWDJHVVXFKDV





FRQVLGHUHG 7KXV WKH ILUVW REMHFWLYH RI WKLV UHVHDUFK LV WR GHYHORS DQ RSWLPL]DWLRQ
WHFKQLTXH QDPHG ,PSURYHG (YROXWLRQDU\ 3DUWLFOH 6ZDUP 2SWLPL]DWLRQ ,(362 7KH
REMHFWLYH IXQFWLRQ LV IRUPXODWHG WR PLQLPL]H WKH WRWDO SRZHU ORVVHV DQG WR LPSURYH WKH
YROWDJHVWDELOLW\LQGH[7KHORDGIORZDOJRULWKPDQGYROWDJHVWDELOLW\LQGH[FDOFXODWLRQDUH
LQWHJUDWHGLQWKH0$7/$%HQYLURQPHQWWRVROYHWKHRSWLPL]DWLRQSUREOHP5HFHQWO\WKH
SRZHU V\VWHP QHWZRUNV DUH EHLQJ RSHUDWHG FORVHU WR WKH VWDELOLW\ ERXQGDULHV GXH WR
HFRQRPLF DQG HQYLURQPHQWDO FRQVWUDLQWV 7KH KHDYLHU ORDGLQJ LQ WKH KLJKO\ GHYHORSHG
QHWZRUNVOHDGVWRYROWDJHVWDELOLW\SUREOHPV+RZHYHUWKHYROWDJHVWDELOLW\SUREOHPRIWKH
GLVWULEXWLRQV\VWHPFDQEH LPSURYHG LI WKH ORDGVDUH UHVFKHGXOHGHIILFLHQWO\ZLWKRSWLPDO
'15DQG'*VL]LQJ7KXVWKHVHFRQGREMHFWLYHRIWKLVUHVHDUFKLVWRDQDO\]HWKHYROWDJH
VWDELOLW\LQGH[ZLWKWKUHHORDGGHPDQGOHYHOVOLJKWORDGQRPLQDOORDGDQGKHDY\ORDGZLWK
RSWLPDO '15 DQG '* VL]LQJ 7KH WKLUG REMHFWLYH RI WKLV UHVHDUFK LV WR YDOLGDWH WKH
SHUIRUPDQFHRIWKHSURSRVHGWHFKQLTXHZLWKRWKHURSWLPL]DWLRQWHFKQLTXHVQDPHO\3DUWLFOH
6ZDUP2SWLPL]DWLRQ362DQG,WHUDWLRQ3DUWLFOH6ZDUP2SWLPL]DWLRQ,362)RXUFDVH
VWXGLHV RQ EXV DQG EXV GLVWULEXWLRQ V\VWHP KDYH EHHQ FRQGXFWHG WR YDOLGDWH WKH
HIIHFWLYHQHVV RI WKH ,(362 7KH RSWLPL]DWLRQ UHVXOWV VKRZ WKDW WKHEHVW DFKLHYHPHQW RI
,(362WHFKQLTXHIRUSRZHUORVVHVUHGXFWLRQLVXSWRDQGLPSURYHPHQWLQ
WKH YROWDJH VWDELOLW\ LQGH[ IRU WKUHH ORDG FRQGLWLRQV OLJKW ORDG QRPLQDO ORDG DQG KHDY\






















.HKDGLUDQ 3HQMDQD 7HUDJLK 37 GHQJDQ .RQILJXUDVL 6HPXOD 5DQJNDLDQ 3HQJDJLKDQ
.653 \DQJ VHVXDL GL GDODP VLVWHP SHQJDJLKDQ EROHK PHPEDZD NHSDGD EHEHUDSD
NHOHELKDQ VHSHUWL VRNRQJDQ YROWDQ SHQJXUDQJDQ NHKLODQJDQ NXDVD SHQDQJJXKDQ WDOLDQ
SHQJKDQWDUDQEDUXGDQVWUXNWXUSHQJDJLKDQGDQNHVWDELODQVLVWHP\DQJOHELKEDLN:DODX
EDJDLPDQDSXQ SHPDVDQJDQ XQLW 37 SDGD VDL] \DQJ WLGDN RSWLPXP GHQJDQ .653 WLGDN
RSWLPXP EROHK PHQJDODPL NHUXJLDQ NXDVD \DQJ OHELK WLQJJL PDVDODK NXDOLWL NXDVD
NHWLGDNVWDELODQYROWDQGDQSHQJXDWDQNRVRSHUDVL8QWXNPHQJDWDVLNHKLODQJDQNXDVDGDQ
PDVDODK NHWLGDNVWDELODQ YROWDQ SHUDQFDQJDQ \DQJ VHVXDL EDJL XQLW 37 GDQ .653 DNDQ
GLSHUWLPEDQJNDQ2OHKLWXREMHNWLISHUWDPDNDMLDQLQLDGDODKXQWXNPHPEDQJXQNDQVDWX
WHNQLN SHQJRSWLPXPDQ GLQDPDNDQ (YROXVL 3HQJRSWLPXP .XUXPDQ =DUDK 'LSHUEDLNL
(3.=' XQWXN PHQHQWXNDQ VDL] RSWLPD 37 GDQ .653 GDODP VLVWHP SHQJDJLKDQ MHMDUL
)XQJVLREMHNWLIGLJXEDODGDODKXQWXNPHQJXUDQJNDQ MXPODKNHKLODQJDQNXDVDGDQXQWXN
PHQLQJNDWNDQ LQGHNV NHVWDELODQ YROWDQ $OJRULWPD DOLUDQ EHEDQ GDQ YROWDQ SHQJLUDDQ
LQGHNVNHVWDELODQGLVHSDGXNDQGDODPSHUVHNLWDUDQ0$7/$%XQWXNPHQ\HOHVDLNDQPDVDODK
SHQJRSWLPXPDQ %DUXEDUX LQL UDQJNDLDQ VLVWHP NXDVD EHURSHUDVL GHQJDQ OHELK GHNDW
GHQJDQ VHPSDGDQ NHVWDELODQ NHUDQD NHNDQJDQ HNRQRPL GDQ DODP VHNLWDU 0XDWDQ OHELK
EHUDW GL UDQJNDLDQ \DQJ PDMX PHPEDZD NHSDGD PDVDODK YROWDQ NHVWDELODQ :DODX
EDJDLPDQDSXQPDVDODKNHVWDELODQYROWDQVLVWHPSHQJDJLKDQEROHKGLSHUEDLNLMLNDEHEDQ







.HSXWXVDQ SHQJRSWLPXPDQ PHQXQMXNNDQ EDKDZD SHQFDSDLDQ WHUEDLN WHNQLN (3.='
XQWXN PHQJXUDQJNDQ NHKLODQJDQ NXDVD DGDODK VHKLQJJD  GDQ SHQLQJNDWDQ
VHEDQ\DNGDODPLQGHNVNHVWDELODQYROWDQXQWXNWLJDNHDGDDQEHEDQEHEDQULQJDQ
EHEDQ QRPLQDO GDQ EHEDQ EHUDW 6DL] 37 GDQ .653 RSWLPD \DQJ GLFDGDQJNDQ DNDQ
PHQ\HGLDNDQVDWXSHQ\HOHVDLDQXQWXNSHQJHOXDU WHQDJDEHEDVGDQXWLOLWLNXDVDGDULVHJL


















WKDW , DP DEOH WR DFFRPSOLVK P\ WKHVLV , ZRXOG OLNH WR H[SUHVV P\ JUDWLWXGH WR P\
VXSHUYLVRU'U$LGD)D]OLDQDELQWL$EGXO.DGLUDQGP\FRVXSHUYLVRU0U0RKDPDG)DQL
ELQ6XODLPDIURP)DFXOW\RI(OHFWULFDO(QJLQHHULQJ8QLYHUVLWL7HNQLNDO0DOD\VLD0HODND
7KHLU LQVLJKWIXO FRPPHQWV JXLGDQFH DQG DOO WKH XVHIXO GLVFXVVLRQ DUH YHU\ PXFK
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ABC   $UWLILFLDO%HH&RORQ\
ACO   $QW&RORQ\2SWLPL]DWLRQ 
AIS   $UWLILFLDO,PPXQH6\VWHP 
APSO   $GDSWLYH3DUWLFOH6ZDUP2SWLPL]DWLRQ
DG   'LVWULEXWLRQ*HQHUDWLRQ 
DNR   'LVWULEXWLRQ1HWZRUN5HFRQILJXUDWLRQ 
EP   (YROXWLRQDU\3URJUDPPLQJ 
EPSO   ([SRQHQWLDO3DUWLFOH6ZDUP2SWLPL]DWLRQ
ETAP   (OHFWULFDO7UDQVLHQWDQG$QDO\VLV3URJUDP
FA   )LUHIO\$OJRULWKP 
FVSI   )DVW9ROWDJH6WDELOLW\,QGH[
GA   *HQHWLF$OJRULWKP
HSA   +DUPRQ\6HDUFK$OJRULWKP 
IEPSO  ,PSURYHG(YROXWLRQDU\3DUWLFOH6ZDUP2SWLPL]DWLRQ 
IPSO   ,WHUDWLRQ3DUWLFOH6ZDUP2SWLPL]DWLRQ 
LQP   /LQH6WDELOLW\,QGH[
LSF   /RVV6HQVLWLYLW\)DFWRU





PSO   3DUWLFOH6ZDUP2SWLPL]DWLRQ 
RPF   5HYHUVH3RZHU)ORZ
SA   6LPXODWHG$QQHDOLQJ 
SPSO   6LPSOH3DUWLFOH6ZDUP2SWLPL]DWLRQ
TPL   7RWDO3RZHU/RVV
TS   7DEX6HDUFK
VPI   9ROWDJH3HUIRUPDQFH,QGH[
















































1.1      Research Background 
7KH FODVVLF SRZHU V\VWHP PRGHO FRPSULVHV DERXW WKUHH HVVHQWLDO FRPSRQHQWV LQ
SDUWLFXODUJHQHUDWLRQ WUDQVPLVVLRQOLQHDQGGLVWULEXWLRQQHWZRUN7KHVHJPHQWVDUHUHOLDQW WR
JXDUDQWHH WKH JHQHUDWHG SRZHU FRXOG EH WUDQVPLWWHG IURP WKH JHQHUDWLRQ WR WKH GLVWULEXWLRQ
V\VWHPRUGHPDQGWKURXJKWKHWUDQVPLVVLRQOLQH,QDGGLWLRQWKHSRZHUV\VWHPLVGHVLJQHGWR
ZRUNV ZLWK XQLGLUHFWLRQDO SRZHU IORZ GXH WR ODFN RI SRZHU VRXUFH H[FHSW LQ JHQHUDWLRQ
FRPSRQHQWRQO\+RZHYHUOLNHZLVHWKHGHPDQGVDUHDQWLFLSDWHGZLWKKHLJKWHQLQWKHIXWXUH
RQHRIWKHSRVVLEOHVROXWLRQVFRXOGEHGRQHLVWRLPSURYHWKHHQWLUHSRZHUV\VWHPSHUIRUPDQFH
$ODEUL  &RQFHUQLQJ RQ WKLV VROXWLRQ LW ZLOO UHTXLUH LQWHQVLYH SODQQLQJ WR DOO WKH
FRPSRQHQWV WKXV LQFUHDVLQJ WKH RYHUDOO FRVW RI WKH SRZHU V\VWHP 2Q WKH FRQWUDU\
LQWURGXFWLRQRIPLFURJULGFRQFHSWE\ /DVVHWHUHW DO RIIHUVDQ LQWHUHVWLQJVROXWLRQ WR
LQWHJUDWHVPDOOFDSDFLW\RI'LVWULEXWHG*HQHUDWLRQ'*LQWKHGLVWULEXWLRQV\VWHPLQVWHDGRI
UHO\VROHO\RQFHQWUDOL]HGJHQHUDWLRQVFKHPHV WKHUHE\UHGXFLQJ WKHQHFHVVDU\ LPSURYHPHQWV
PDGHLQWKHJHQHUDWLRQDQGWKHWUDQVPLVVLRQOLQHV
,QWURGXFWLRQRIWKH'*KDVFKDQJHGWKHIXQGDPHQWDOZD\RIWKHRSHUDWLRQLQWKHSRZHU
V\VWHPVSDUWLFXODUO\ WKHGLVWULEXWLRQQHWZRUNVZKHUH WKHVWDWXVKDVFKDQJHG IURPSDVVLYH WR
DFWLYHQHWZRUN 0DVWHU7KH'*FDQHIIHFWLYHO\SDUWDNH LQ WKHGLVWULEXWLRQV\VWHP LQ






VXFK DV QHWZRUN UHFRQILJXUDWLRQ LQVWDOOLQJ FDSDFLWRUV DQG LQVWDOOLQJ '*V +RZHYHU WKH
EHQHILFLDO RI WKHVH DSSURDFKHV FDQ EH DFKLHYHG LI WKH\ DUH FDUHIXOO\ FRRUGLQDWHG LQ WKH
GLVWULEXWLRQV\VWHP





















1.2      Research Question 
7KHUHOLDELOLW\DQGVXVWDLQDELOLW\RIWKHSRZHUGLVWULEXWLRQV\VWHPDUHFULWLFDOLVVXHVWKDW
QXPHURXV HQJLQHHUV DQG UHVHDUFKHUV KDYH VWXGLHG DQG SURSRVHG YDULRXV VROXWLRQV IRU
H[SDQVLRQ LWV SURILFLHQF\ 7KLV PDWWHU LV FULWLFDO ZLWK D VSHFLILF HQG JRDO WR VDWLVI\ ORDG
GHPDQGV ZKLFK LQFUHPHQW IXQGDPHQWDOO\ \HDU E\ \HDU 1RQHWKHOHVV WKH DGYDQFHPHQW LQ
LPSURYLQJ WKH SURILFLHQF\ RI WKH V\VWHP LV KLQGHUHG E\ RQH PDLQ FRQVLGHUDWLRQ WKDW LV WKH





7KHUH DUH VHYHUDO DSSURDFKHV VXJJHVWHG E\ UHVHDUFKHUV WR GHDO ZLWK WKH UHGXFWLRQ RI
SRZHU ORVVHVDQG LPSURYH WKHYROWDJHVWDELOLW\ VXFKDVGHWHUPLQLQJ WKHRSWLPDO'*RXWSXW
SRZHU DQG QHWZRUN UHFRQILJXUDWLRQ :LWKDO WKH LQFRUUHFW XVHG RI WKHVH DSSURDFKHV PLJKW
GHWHULRUDWH WKH V\VWHP¶V RSHUDWLRQ DQG DSSHDU RSHUDWLRQDO DQG SODQQLQJ SUREOHPV LQ WKH
GLVWULEXWLRQ V\VWHP 7KH SXUSRVH RI WKLV UHVHDUFK LV WR GHWHUPLQH WKH DQVZHU WKDW FDQ
KDUPRQL]H WKHQHWZRUN UHFRQILJXUDWLRQZLWK'*VL]LQJ LQRUGHU WR IXUWKHU UHGXFH WKHSRZHU
ORVVHVDQGLPSURYHGYROWDJHVWDELOLW\LQWKHGLVWULEXWLRQQHWZRUN











1.3      Problem Statements 
7UDQVIRUPDWLRQ RI GLVWULEXWLRQ QHWZRUN WRZDUG PRUH DVWXWH DQG SURILFLHQW V\VWHP
HQGXUHVZLWKQXPHURXVFKDOOHQJHV$VWDQGRXWDPRQJVWWKHPRVWGLIILFXOWLHVFRQIURQWHGE\WKH
UHVHDUFKHUV LV WR DFFRPSOLVK D PRUH HFRQRPLFDO GLVWULEXWLRQ QHWZRUN WKURXJK UHGXFWLRQ RI
SRZHUORVV,QDGGLWLRQWKHHVVHQWLDOZD\RIWKHGLVWULEXWLRQQHWZRUNLWVHOIWKDWKDVDORZ;5
UDWLR OHDG WKH GLVWULEXWLRQ V\VWHP KDYH PRUH LPSDFW RQ WKH SRZHU ORVV DQG YROWDJH SURILOH




+HGD\DWLHW DO DQG*LOHW DO  XVHG'*DSSURDFKRQO\ LQ VROYLQJ WKHYROWDJH
VWDELOLW\ SUREOHP ZLWKRXW FRQVLGHULQJ RWKHU DOWHUQDWLYH VXFK DV QHWZRUN UHFRQILJXUDWLRQ
7KHUHIRUH D VLPXOWDQHRXV DSSURDFK LV FRQVLGHUHG LQ WKLV UHVHDUFK ZKLFK LV QHWZRUN
UHFRQILJXUDWLRQDQG'*LQVROYLQJWKHSRZHUORVVHVDQGYROWDJHVWDELOLW\SUREOHP 
1RZDGD\VWKHUHDUHYDULRXVW\SHVRIPRGHUQRSWLPL]DWLRQWHFKQLTXHVVXFKDV)LUHIO\
$OJRULWKP )$ <DQJ  $QW &RORQ\ 2SWLPL]DWLRQ $&2 -DPLO  $UWLILFLDO
,PPXQH6\VWHP$,6$ORQVRHWDO+DUPRQ\6HDUFK$OJRULWKP+6$=/LHWDO
DQG$UWLILFLDO%HH&RORQ\$%&&KDZHHZDWHWDO$OORIWKHPFDQEHUHJDUGHG
DVPHWDKHXULVWLFRSWLPL]DWLRQPHWKRGVGXHWRWKHUDQGRPL]DWLRQLQYROYHGLQWKHLUUHVSHFWLYH
LQLWLDOVWHSV'HVSLWHWKHXVDJHRIUDQGRPL]HGYDOXHVWKHPXWDWLRQSURFHVVDQGRWKHUVWHSVLQ
